In this paper the corrosion inhibition of cetyl trimethyl ammonium bromide (CTAB) combined with sodium silicate on the Q235 and 316L steel were investigated. The results showed that CTAB has a higher corrosion inhibition rate but the cost is higher also. In order to lower the cost, the sodium silicate was combined with CTAB to be corrosion inhibitor. The Results showed that once the CTAB was combined with sodium silicate, there would be a synergistic effect between sodium silicate and CTAB. The corrosion inhibition rate could be greater than 80%. Especially when the concentration ratio of CTAB to sodium silicate was 0.02g/L:2.00g/L, the corrosion inhibition rate for the 316L and Q235 could be up to 87.04% and 91.03% respectively.
Introduction
The investigation of the inhibition of corrosion of steel is always a subject of high theoretical as well as practical interest [1] [2] [3] . Mineral acids particularly hydrochloric acid are frequently used in industrial processes involving acid cleaning, acid pickling, acid descaling, and oil well acidizing. [4, 5] During the pickling process, the metal materials and equipment can be corroded by the acid [6] [7] [8] . Due to aggressiveness of acids, inhibitors are often used to reduce the rate of dissolution of metals. Most of the well-known acid inhibitors are organic compounds containing nitrogen, oxygen and/or sulphur atoms, heterocyclic compounds and pi-electrons [9] [10] [11] . Meanwhile the metal can react with acid to release the hydrogen, and the hydrogen may result in hydrogen embrittlement corrosion [12] . The polar function is usually regarded as the reaction center for the establishment of the adsorption process [13] . Adsorption is general over the metal surface and the resulting adsorption layer function as a barrier, isolating the metal from the corrosion [14] .
In the pickling process the hydrochloric acid are commonly used. But the hydrochloric acid has a strong corrosivity and is easy to form acid frog. In order to overcome these disadvantages, some corrosion inhibitors were developed [15] [16] [17] . In this paper the corrosion inhibition rate of different combined inhibitors were studied and a high efficient and economical formula was proposed.
Experimental
The specimens are made by Q235 and 316L stainless steel. The chemical composition of 316L (mass fraction, %) is C0.025, Si0.95, Mn1.95, Cr17.8, Ni15.6，Mo2.0, S0.02, P0.02, Fe balance. The chemical composition of Q235 (mass fraction, %) is C0.20, Si0.30, Mn1.11, S0.04, P0.03, Fe balance. The corrosion media are 12% hydrochloric acid with some corrosion inhibitor. The inhibitor includes sodium silicate and cetyl trimethyl ammonium bromide (CTAB).
Before test all of the specimens were ground with 200#, 400# and 800# sandpaper to get even surface without apparent scratches. Then the specimens were flushed by distilled water and degreased by acetone. The weight of specimen was measured by electronic analytical balance. After weight measure the specimen was immersed into corrosion media for 24 h then taken out and dried. The morphology of the specimen was investigated by metallographic microscope. After the corrosion products were removed the weight of the specimen was measured again.
The specimens were sealed with epoxy resin. The sealed specimens were ground with 200#, 400# and 800# sandpaper to get even surface without apparent scratches. Then the specimens were flushed by distilled water and degreased by acetone. The specimen works as working electrode. Reference electrode was saturation mercury electrode and the auxiliary electrode was platinum electrode. The electrochemical corrosion behavior of steels in HCl was analyzed by polarization curves using LK98C electrochemical system.
Results and discussion
The results of CTAB in different concentration for Q235 were listed in table 1. From table 1, it can be seen that the corrosion rate decreased with the increasing of the CTAB. When the concentration of CTAB increased to 0.24 g/L, the corrosion rate of Q235 was decreased to 0.934 g/m 2 •h. The corrosion inhibition rate was 91.15%. Comparing the corrosion inhibition rate measured by weight loss and linear polarization method, it can be seen that although there are some deviation between these two methods. The corrosion inhibition rate is increasing with the concentration increasing of the CTAB.
The results of CTAB in different concentration for 316L were listed in table 2. From table 2, it can be seen that the corrosion rate decreased with the increasing of the CTAB. When the concentration of CTAB increased to 0.24 g/L, the corrosion rate of 316L was decreased to 0.156 g/m 2 •h. The corrosion inhibition rate was 94.82%. Comparing the corrosion inhibition rate measured by weight loss and linear polarization method, it can be seen that although there are some deviation between these two methods. The corrosion inhibition rate is increasing with the concentration increasing of the CTAB. Comparing table 1 and 2, it can be seen that the corrosion inhibition rate for the 316L is greater than the Q235. So CTAB should more applicable for the 316L than Q235.
As mentioned above, using CTAB lonely can get a high corrosion inhibition rate. But the cost is much higher. In order to save the cost and do not lower the corrosion inhibition rate much, the sodium silicate was added into CTAB to form combined corrosion inhibitor. According results above, the concentration of CTAB was selected as follows: 0.02, 0.04 and 0.08 g/L. The concentration of sodium silicate was selected as follows: 0.02, 0.04, 0.08, 0.2, 0.4, 0.8, 2.0 g/L.
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The results of CTAB combined with sodium silicate in different concentration for Q235 were listed in table 3 . Table 3 The effect of CTAB combined with sodium silicate in different concentration on the corrosion behavior of Q235 According the table 3, it can be seen that when the concentration of CTAB was 0.02g/L, the corrosion rate of Q235 decreased with the increasing of the concentration of sodium silicate. The highest corrosion inhibition rate was 87.04%. When the concentration of sodium silicate keeps the same, the corrosion inhibition rate didn't change apparent with the changes of the concentration of CTAB.
The results of CTAB combined with sodium silicate in different concentration for 316L were listed in table 4. Table 4 The effect of CTAB combined with sodium silicate in different concentration on the corrosion behavior of 316L According the table 4, it can be seen that when the concentration of CTAB was 0.02g/L, the corrosion rate of Q235 decreased with the increasing of the concentration of sodium silicate. The highest corrosion inhibition rate was 91.03%. When the concentration of sodium silicate keeps the same, the corrosion inhibition rate didn't change apparent with the changes of the concentration of CTAB.
Conclusions
In 12% HCl solution, using CTAB alone could get a high corrosion inhibition rate with a higher cost. When the concentration of CTAB was 0.16g/L, the corrosion inhibition rate could greater than 90%. When the sodium silicate was added into CATB to get a combined inhibitor, there could be a synergistic effect between CTAB and sodium silicate. The corrosion inhibition rate were greater than 80% and the cost is lower. Especially when the concentration ratio of CTAB to sodium silicate was 0.02g/L:2.00g/L, the corrosion inhibition rate for the 316L and Q235 could be up to 87.04% and 91.03% respectively.
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